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CASE REPORTS
Right Ventricular Infarction Complicated by Right to Left Shunt
BRUNO V. MANNO, MD , CHARLES E. BEMIS , MD , FACC , JOSEPH CAR VER , MD , FACC,
GARY S. MINTZ, MD , FACC
Philadelphia . Pennsylvania
A case of right ventricular infarction complicated by a
right to left shunt through a patent foramen ovale is
presented. The diagnosis was confirmed by two-dimen-
Right ventricular infarction has been found in a sizable
proportion of patients with infer ior wall myocardial infarc-
tion (1-3) and has been associated wi th co mplications suc h
as cardiogenic shock (2,4-7), he art block (4-7), chronic
right heart failure (8) and ventricul ar fibr ill ati on during righ t
ve ntric ular pacing (9) . W e describe a case of predominant
right ve ntricular infarc tion compl icated by a right to left
shunt through a probe patent foramen ov ale .
Case Report
A 49 year old white man was admitted to the emergency room
with severe retrostem al chest discomfort after a syncopal episode,
The patient had no previous history of heart disease. chest pain.
dyspnea or heart murmur. He had a history of smoking I to 2
packs of cigarettes per day for more than 20 years, Initial exam-
ination revea led a suffused appearance with peripheral cyanosis.
Blood pressure by palpation was 80 mm Hg. The pulse was ir-
regular. The neck veins were distended. The lungs were clear to
auscultation. Heart sounds were distant . no murmur was audible .
There was no peripheral edema. The electrocardiogram recorded
at this time revealed evidence of acute inferoposterior myocardial
infarction (Fig . I). Initial management included administration of
fluids and dopamine, result ing in an increase of blood pressure to
90 to 100 mm Hg. The patient underwent immediate cardiac cath-
eteriza tion by way of the right femoral artery and vern. The left
atrium was entered through a " probe patent" foramen ovale. The
left and right heart pressures were elevated with equalization of
the end-diastolic pressures (Table I). The right and left ventricular
pressure tracings revealed a diastolic " dip and plateau" config-
uration (Fig . 2) .
Diagnostic procedures. Blood samples were taken from var-
ious chambers at this time and revealed low arteria l and left atrial
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sional echocardiography with contrast injection and in-
dicator dye-dilution curve and oximetry at cardiac
catheterization.
saturations initially (Table 2). The arterial saturation responded to
the admi nistration of oxygen . Determination of left atrial saturation
was not repeated at that time. No pulmonary venous saturation
was obtained. Hydrogen appeara nce time in the pulmonary artery
was 27 seco nds . Extensive inferior hypokinesia was evident on
left ventriculography. Two-dimensional echocardiography per-
formed to exclude tamponade revealed a minimal pericardial ef-
fusion as well as severe hypokinesia of the right ventricle and left
ventricular posterior wall. Selective coro nary arteriography re-
vealed a totally occluded right coronary artery and normal left
anterior descending and left circumflex arteries . A total of 400 .000
U of streptokinase was infused into the right coronary artery:
however. this did not restore the distal filling of the vesse l. During
this proced ure. the patient requ ired dopamine, lidocaine. procain-
amide (Pronestyl) and cardioversio n for multiple episodes of ven-
tricular tachycardia and intermittent right ventricular pacing for
heart block. At the conclusion of the procedure . first pass radio-
nuclide angiography demon strated a right ventricular ejection frac-
tion of 8% (normal >40%). The patient was transferred to the
coronary care unit for monitor ing with the left atrial catheter in
place . Serial electrocardiograms and creatine kinase Isoenzyme
determinations revealed evolution of transmural infarction. The
left atria l catheter was removed uneventfully 24 hours later and a
pulmonary artery catheter was inserted for continued monitor ing.
Subsequently. the systemic partial pressure of oxyge n (Po-) was
45 to 50 mm Hg with corres ponding saturations of 81 to 89%.
This did not increase with administration of 100% oxyge n. The
pulmonary capillary wedge pressure was essentially unchanged
from previous measurements (range 16 to 20 mm Hg) and there
was no clinical or radiographic evidence of pulmonary embolism
or pneumonia. Two-dimensional echocardiography was performed
with peripheral injection of saline solution with appearance of
microca vitation traversing from the nght to the left atrium (Fig.
3 ) (10) .
Repeat eardiac catheterization. The patient was maintained
on nasal oxyge n without dyspnea or clinically evident cyanosis .
and arteria l blood gas samples stabilized with P Ol values ranging
from 55 to 60 (saturation 89 to 93%) over several days. During
this period . right ventricul ar function improved slightly (ejec tion
fraction 14% by first pass technique). Concomitant left ventncular
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Figure I. Twelve lead electrocardiogram showing acute
inferior infarction and high degree AV block,
dysfunction was also present (ejection fraction 36% by gated tech-
nique), Twenty days after initial cardiac catheterization, the patient
underwent repeat catheterization because of persistent arterial hy-
poxemia, The indicator dye-dilution curve was normal after in-
jection into the pulmonary artery and sampling from the ascending
aorta, Early appearance of dye was present after injection into the
inferiorvena cava and samplingin the aorta (Fig, 4), The calculated
shunt was 1.0 liter/min (by forward triangles method) (II). Oxi-
metry (Table 2) revealed a step-down at the left atrial level, also
consistent with a right to left shunt of 0,75 liter/min (II), The
intracardiacdiastolic pressures remained equal although lower than
at the time of the acute study (Table I, Fig, 5),
The patient was eventually discharged ambulatory on digoxin
and diuretic therapy with limited exercise tolerance.
Discussion
Causes of right to left shunt. This case demonstrates
many characteristic features of right ventricular infarction,
including cardiogenic shock, heart block, a severe noncom-
pliant ventricular pressure similar to that seen in constrictive
pericarditis (7) and evidence of right ventricular dysfunction




Site (S/D/m) (mean) (S/D/m)
PA 30/20/25 26 24115118
RV 30/20/- 22/16/-
RA A=22, V=22, m=21 21 A= 15, m= 14
LA A=26, V=24, m=24 21 A= 18, V= 18, m= 14
LV 100/22/- 96/20/-
Ao 97/65/80 94/60170
A = A wave; Ao = aorta, LA = left atrium. LV = lett ventricular. m =
mean, PA = pulmonary artery, RA = nght atnum, RV = nght ventricle. SID/m
= systolic/diastolic/mean; V = V wave
by echocardiography and radionuclide angiography in the
setting of inferior myocardial infarction. Although there was
concomitant left ventricular dysfunction as evidenced by
elevated left heart filling pressures and depressed left ven-
tricular ejection fraction, the clinical and hemodynamic
characteristics are compatible with "predominant" right
ventricular infarction (6). A right to left shunt through a
patent foramen ovale complicating an acute right ventricular
infarction documented by contrast echocardiography with
dye-dilution curve and oximetry has not, to our knowledge,
been previously described. A probe patent foramen ovale
may occur in as many as 35% of adults. While generally
not associated with cardiac abnormality, it may act as a
route for paradoxical embolus (12), positive right to left
contrast echocardiography in patients with normal right ven-
tricular hemodynamics (13) and right to left shunt in patients
Figure 2. Pressure tracings from initial (acute) cardiac cathetenzation
showing equalization of diastolic pressures LV = left ventricle; RA = right
atrium; RV = right ventncle.
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Table 2. Oximetric Findings During Cardiac Catheterization
Ao = aorta; Ive = infenor vena cava; LA = left atnum; LV = left ventricle;
PA = pulmonary artery; PV = pulmonary vein; RA = right atnum, RV = nght
ventricle, SVC = supenor vena cava.
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Figure 4. Dye-dilution curve with injection into the inferior vena cava





















Figure 3. Two-dimensional echocardiograrn, apical four chamber view.
A, Before contrast injection. B and C, During contrast injection. Contrast
agent (arrows) is seen in the left atrium indicative of a right to left shunt.
with cor pulmonale (14). When shunting of blood occurs
across septal defects, the flow is generally directed from the
left to the right atrium as a result of greater compliance of
the right compared with the left ventricle and lower pul-
monary vascular resistance compared with systemic resis-
tance (15). When pulmonary hypertension intervenes or there
is decreased right ventricular compliance, there may be re-
versal of flow from right to left. These conditions of de-
creased right ventricular compliance are evident in the
hemodynamic alteration in patients with right ventricular
infarction (1-7). Elevated right ventricular end-diastolic
pressures, elevated right atrial pressures and decreased right
ventricular function are prominent features of right ventric-
ular infarction. This hemodynamic substrate in conjunction
with a septal defect could explain the right to left shunt in
Figure 5. Pressure tracings from predischarge cardiac catheterizationshowing
continued equalization of right and left atrial pressures but at a lower level
than at initial catheterization. LA = left atrium; RA = right atrium.
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this patient. The mild clinical improvement seen over a
period of several days is consistent with the improvement
in right ventricular function observed several days after in-
farction (16).
A small asymptomatic atrial septal defect or persistent
patency of the foramen ovale as a result of the catheter
passage cannot be excluded with certainty . However, the
systemic desaturation present before passage across the for-
amen ovale makes an iatrogenic origin unlikely . The relative
frequency of a probe patent foramen ovale in adults and the
ease of passage of the catheter from the right to the left
atrium also suggest that the defect was present and not
induced.
Clinical implications. Although the incidence and vol-
ume of right to left intracardiac shunt in patients with right
ventricular infarction is unknown, this condition may be
more common than suspected, given the relative frequency
of a patent foramen ovale and right ventricular dysfunction
in inferior wall myocardial infarction (the two factors im-
plicated in this case). Right to left intracardiac shunt should
be considered as part of the differential diagnosis of hy-
poxemia in patients presenting with right ventricular in-
farction. Because shunting may decrease with concomitant
improvement in right ventricular function, immediate man-
agement should be conservative with appropriate precau-
tions relative to intravenous infusions and venous
thromboembolism.
References
I. Isner 1M, Roberts WC. Right ventricular infarction complicating left
ventricular infarction secondary to coronary heart disease. Am 1 Car-
diol 1978;42:855-94.
2. Rigo P, Murray M, Taylor DR, et at. Right ventricular dysfunction
detected by gated scintiphotography in patients with acute inferior
myocardial infarction. Circulation 1975;52:268-74.
3. Wackers Fl, Lie KI, Sokole EB, Res J, Van Der Schoot JB, Durrer
D. Prevalence of right ventricular involvement in inferior wall in-
farction assessed with myocardial imaging with thallium-201 and tech-
netium-99m pyrophosphate. Am J Cardiol 1978;42:358-62.
4. Cohn IN, Guiha NH, Broden MI, Limas CJ. Right ventricular in-
farction: clinical and hemodynamicfeatures. Am J Cardiol 1974;33:209-
14.
5. Lopez-Sendon 1, Coma-Camella I. Gamallo C. Sensitivity and spec-
ificity of hemodynamic criteria in the diagnosis of acute right ven-
tricular infarction. Circulation 1981;64:515-25.
6. Lloyd EA, Gersh Bl , Kennelly BM. Hemodynamic spectrum of
"dominant" right ventricular infarction in 19 patients. Am 1 Cardiol
1981;48:1016--22.
7. Lorell B, Leinbach RC, Pohost GM, et at. Right ventricular infarction.
Clinical diagnosis and differentiation from cardiac tamponade and
pericardial constriction. Am J Cardiol 1979;43:465-71.
8. Zone DD, Botti RE. Right ventricular infarction with tricuspid in-
sufficiency and chronic right heart failure. Am 1 CardioI1976;37:445-
8.
9. Sclarovsky S, Zafrer N, Strasberg B, et at. Ventricular fibrillation
complicating temporary ventricular pacing in acute myocardial in-
farction: significance of right ventricular infarction. Am J Cardiol
1981;48:1160-8.
10. Fraker TD, Harris PI , Behar VS, Kisslo lA . Detection and exctusion
of interatrial shunts by two-dimensional echocardiography and pe-
ripheral venous injection. Circulation 1979;59:379-84.
II . Yang SS, Bentivoglio LG, Maranhao V, Goldberg H. From Cardiac
Catheterization Data to Hemodynamic Parameters. 2nd ed. Philadel-
phia: FA Davis, 1978.
12. Meister SG. Grossman W. DexterL, Dolen IE . Paradoxical embolism:
diagnosis during life. Am J Med 1972;53:292-8.
13. Kronek G, Mosslacher H. Positive contrast echocardiography In pa-
tients with patent foramen ovale and normal right heart hemodynamics.
Am J Cardiol 1982;49:1806--9.
14. Daly 11. Venoatrial shunting in obstructive pulmonary disease. N Engl
1 Med 1968;279:592-3.
15. Dexter L. Atrial septal defect. Br Heart 1 1956;18:209-25.
16. Steele P, Kirch D, Ellis 1, Vogel R. Battock D. Prompt return to
normal of depressed right ventricular ejection fraction In acute inferior
infarction. Br Heart J 1977;39:1319-21.
